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NOTICES

When Government drawings, specifications, or other data are used

for any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby in-
cursnoresponsibility nor any obligation whatsoever; and the fact that
the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson .
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.
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FOREWORD

This report was prepared by the Wind Tunnel Branch, Aircraft
Laboratory, Aeronautics Division, Wright Air Development Center.
The test program was initiated at the request of the Project Section
of the Wind Tunnel Branch under the research project identified by
Capital Expenditure Order Number C-3(12), Acquisition of and Addi-
tions to Laboratory Apparatus and Equipment, and was conducted with
the full-scale Vertical Wind Tunnel and with a 1:12 scale model of
that tunnel at Wright-Patterson Air Force Base, Ohio. The author
of this report acted as project engineer.
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ABSTRACT

Measurements in the fullescale Vertical Wind Tunnel end in a
1:12 scale model of this tunnel were made to determine if e dynamio
pressure distribution required for the spinning of airplene models
could be achieved by & honeycomb of conventionel type. Test re-
sults indicete that a minor change of the nozzle comtour at the place
where the honeycomb is installed is a possible means to obtain the
required dynamic pressure distribution.

PUBLICATION REVIEW

This report has been reviewed and is apprroved.

{.G. RUEGG,” Cdlonel, USAF
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INTRODUCTION

The purpose of this report is to present and drew conclusions
from results attalned by pressure distribution meesurements in the
test section of the VWright Field 12-Foot Vertical Wind Tunnel, and
in the test section of the 1:12 scale model of that tumnel with
certain arrangements of honeycombs.

Thie report will be the first one of & series of reports to
suggest improvements in the tunnel by various modifications.

WADC TR 52-207 v




SECTION I

GENERAL CONSIDERATIONS

The Wright Field 12-Foot Vertical Wind Tunnel, WADC, at Wright-
Patterson Air Force Base, Ohio is of a type often used for spin tun-
nels. It has an annular return duct which surrounds the test section
structure (Reference 1), In its original design, the 12-Foot Vertical
Wind Tunnel had some features which experience has shown need modifi-
cation.

The: collector bell diamester was originally made 25% larger than
that of the nozzle lip (in similar cases about 104 is usual). The
free tunnel jet took a large amount of the surrounding air into the
bell. This additional air had to escape again because the mean air
mass traveling around the circuit could not increase, Thus, around
the bell mouth, air was sucked in and spilled out successively causing
vibrations which were so severe at certain tunnsl speeds that the
test section structure shook. Therefore, bleed holes were cut into
the collector bell so that the excessive air could go out somewhat
farther downstream., The vibrations were reduced to an amount which
could scarcely be felt without instrimentation.

Although the upper return duct should serve as a diffuser, the
large increase in cross section area along a relatively short path
acts as an excessively wide diffuser and therefore separation occurs.
The entrance into and the exit from this diffuser are right angle
bends. These bends have small radii of curvature with respect to the
channel height; and therefore, at these corners separation, in addi-
tion to that caused by the rapid change in cross section area, occurs.

The six guide vanes at the curved entrance are highly loaded’
because the ratio of spacing to vane chord is large. Separation occurs
at the upper surface of these vanes, This separation pattern could
be seen from a survey made by msans of wool tufts, The improvement of
the upper part of the return duct will be the subject of another in-
vestigation.

From the separation at the upper part of the return duct great
vorticity and relatively large sized vortex balls must be expected.

To avoid the separation, a major change in the building's struc-
ture would be necessary. An alternative was to accept, for the time
being, the energy loss due to the separation and to attempt to cut
down the size of the vortex balls. The rotational velocity of small

‘WADC TR 52-207 1



vortex balls dies out faster than that of large ones. Thus, the flow

in the test section would be smoothed, A honeycomb would help the
present situation of the tumnel and would also help later on if mbdifi-
cations in the structure were made. The honeycomb was installed in 1947.
1t had & length to width retio of the cells of L:1 and a solidity ratio
of 0,02, Investigations by means of pressure distribution measurements
around a sphere showed that the turbulence degree of the tunnel had

been reduced by the honeycomb from 2.3 to l.é%.

The possible location of a honeycomb was very limited. Reason=-
ably, it could be installed only in the short distance in fromt of the
nozzle 1lip, i.e. in the conical part of the nozzle where the structure

of the building permitted the installation (Figure 1).

For ease of construction the honeycomb cells were made with paral=-
lel walls instead of the preferred converging ones. Therefore, at the
rim of the honeycomb, where it touched the converging walls of the
nozzle, cells which had the shape of a pyramid and oclosed pockets which
were wedgelike in shape were formed., To open these pockets, the
vertical cell walls were out down to a length such that an exit aree was
opened whioch wes equal to at leest one-half the entrance area of each

cell.

Another unfavorable result originateds The flow through the
nozzle at the level of the honeycomb has converging streamlines. The
difference in inclination between the vertical cell wells and the
streamlines is8 as large as 16° near the walls of the nozzle and tends
to approach zero at the centerline of the tunnel. This generally large
angle of attack of the straight cell walls with square cut leading
and trailing edges causes separation end losses in total pressure
whioh increase toward the rim of the honeycomb. The separation could
be observed, by means of a wool tuft probe placed near the cells, by
an observer welking around at the bottom of the tunnel.

SECTION II ,

MEASUREMENTS WITH THE FULL-SCALE TUNNEL

A survey made by pitot-static pressure tubes across the test
section of the fullescale tunnel, without the honeycomb installed,
is shown in Figure 2; the corresponding survey with the honeycomb
in place is shown in Figure 3, The nearly constent dynamic pres-
sure distribution of the empty tunnel hes drastically changed.

To give a clearer picture, the dynamic pressure at different
points of the test section cross-sectional area was plotted versus
the distance of the point from the centerline of the tunnel, The
assumption was made that there was rotational symmetry with respect

.to0 the tunnel axis.
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The dynamic pressure q in percentage of the dynamic pressure
in the flow center is constant within a radius r; = L feet.(Figureqﬁa)
without honeycomb and is still 0.99 q, at rj = 5 feet, With the
honeycomb installed, there is a region of constant dynamic pressure
only within a range of rjy = 1 foot. At ry = L feet, thers is laft
only 0.91 q, and at ry = 5 feet, 0.83 q, (Figure Lb).

The high value of q/qo at rj = 5.7 feeti obviously is dus to the
reduced losses within the cells near the nozzle wall where the cell
walls are cut domm,., Just at the nozzls wall, the dynamic pressure
is reduced again because of the boundary laysr there.

To prevent a spinning model from wandering out of the jat of a
spin tunnel, a bowl-like shape of the dynamic prsssure distribution
is desirable, This is just the opposite of the distribution produced
by the installed honeycomb., To realize the favorabls velocity dis-
tribution in the taest section, it was necessary to cut down the dymamic
pressure in the center to an amount less than the reduced dynamic
pressure near the edge of the flow (Figure lc).

This was dons by installing a mesh screen 12-feet in diameter
beneath the honeycomb, A gap was left between the screen and the
nozzle wall, The measured dynamic pressure distribution along a
radius of the test ssction is plotted in Figure Ld.

0f course, these measures caused a large reduction in efficiency.
The energy ratio, i.e., the ratio of the fan power put into the tun-
nel to the power of the jet in the test section is very large. Neces-
sarily, a spin-tunnel with safety nets below and above the test
section will have a larger energy ratio than a normal tunnel without
those accessories. Even so, the energy ratio of this tunnel is 1,6,
This value is much too high. If the screen underneath the honey-
comb could be eliminated, the energy ratio then would be about 1.2,

SECTIN III

MEASUREMENTS WITH THE MODEL TUNNEL

A, Modifications of the Honeycomb

To find a way to correct thls unfavorable feature of the full-
scals tunnel, tests were performed with the available 1:12 scale model
spin tunnel. A geometrically similar model of the honeycomb (Figure 5)
was installed at the corresponding location in the nozzle of the model
tunnel, A survey along a diameter of the test section by means of
a movable total pressure tube was made and the dynamic pressurs q in
percentage of the dynamic pressure q, near the tunnel axis was plotted
in Figure 6.
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The dynamic pressure distribution in the test section with and
without honeycomb (Figures 6a and 6éb) is of the same type as that in
the full-scale tumel except in regions where the flow is not separated
at sharp edges and therefore the Reynolds number has an influence,

The higher losses in the model tunnel mear the nozzle wall may be
caused by the 1/12 smaller Reynolds number, the consequence of which
is a higher wall friction coefficient.

The next step in the investigation was to produce a somewhat
more favorabls dynamic pressure distribution by cutting the model
honeycomb to 10 inches in diameter amd reinstalling it in its original
position. The dynamic pressure distribution was changed drastically
(Figure éc) leaving a higher dynamic pressure nsar the edge of the flow
because of the gap of about 2 1/2 inches between the rim of the honey-
corb and the nozzle wall, The distribution near the center of the
jet did not change in comparison to that of Figure 6b.

The honeycomb of 10 inches diameter then was installed in a
position in the model tunnel Jjust where the cylindrical part of the
nozzle starts. Here at least the streamlines in a considsrable circular
section around the center of the jet were parallel or nearly parallel
to the homeycomb cells, A bowl-like shape of the dynamic pressure
distribution was produced (Figure 6d). Near the rim of the cut honey-
comb the streamlines probably diverged because of the almost un-
disturbed flow in the gap, causing an angle of incidence for the outer
cells and therefore higher losses. In the gap itself the smallsr
losses provided a higher dynamic pressure again.

From this test it can be seen that the honsycomb with parallel
cell walls does not nzcessarily have to be located in a completely
parallel flow, although of course large inclinations batween flow
and cell walls should be avoided,

B. Modification of the Nozzle Contour

It would be very favorable if a honeycomb could be located far
upstream of the test scction in some cylindrical part of the nozzle
and at a cross saction where the wvelocity is still low.

The structurs of the full-scals tunnel building would allow a
modification of ths nozzle so that there would be a cylindrical part
with a relatisely large diamster of about 18 feet and a sufficient |
length to install a honeycomb with parallsl cell walls., Of course '
this would require a major structural change and a lengthy shutdown ‘
of the tunnel. '

Therefore, it was decided to test first an arrangement in the

model tunnel which would require a much smallsr change of the full-
scale tunnel, This was a ring installed within the nozzls, the cross
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section profile of which provided a cylindrical part in the nozzls

at a place where the honeycomb will be located, Figure 7. The dynamic
pressure distribution across the test section is not changed in com-
parison to ths distribution without a ring in the nozzle as shown in
Figures6a and 6be.

To get a picture of the flow through the part of the nozzle
where the honeycomb is to be installed, a plate of sheet metal coated
with o0il and fine sawdust was fitted into the nozzle. The flow then
would take small particles with it leaving traces in the oil film.

It was expected that the flow through the nozzle would follow
the nozzle wall and therefore be vertical near the wall of the in-
serted ring, The flow also should be straight and parallel on ths flow
axis and in the neighborhood thereof. In between, the flow probably
should be somewhat conical because of the curvature of the flow through
the nozzle in front of the ring and ths lack of guidance thereafter,
That means that the flow in betwesn should have a certain inclination
to the straight parallel honeycomb cell walls which thus should
straighten the flow,

The oil flow pattern on the sheet metal insert in Figure 8 looks
somewhat different from the air flow pattern describad above., This
is natural since the traces on the metal surface cannot be considersed
as the streamlines in the real nozzle flow, There is a boundary layer
on the metal surface and the dust particlss traveling within the
boundary layer follow the flow to regions of low static pressure
closs to the wall of large curvature., Therefore, the streamlines seem
to penetrate the nozzle wall which of course cannot be. That means
that all the traces of the dust particles between the wall and the
centerline must bs bent away from the nozzle wall to become strsam~
lires. Then, it is indicated that the streamlines between the nozzle
wall and the axis are still somewhat convergent.

From comparison with honeycombs in other wind tunnels the width
to depth ratio of the cells 1l:l for the full-scale honeycomb was
considered insufficient and a ratio 1:8 to be more favorable., Becausa
the honeycomb depth is limited, by the height of the cylindrical part
of ths nozzle insert, to not more than 2 inches, the cell width of
the model tunnel honsycomb must be 1/l inch or less. The fabrication
of such a honeycomb would have been laborious., Therafore, samples of
a honaycomb matzsrial generally used for light structural purposes and
made from papsr or fiber soaked with artificial resin were cut into
suitable lengths and installed as a honsycomb,

Tests with a paper honeycomb and with one made out of glass fiber

show a dynamic pressure distribution favorable to spin investigation
(Figures 6f and 6g).
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The small cells unfortunately are subject to clogging by dust
particles within the tunnel, thus changing the pressure distribution.
The true distribution was obtained only during the first runs after
the dust had been carefully cleaned from the tunnel and the honeycomb.
The glass fiber honeyocomb became clogged sooner than the paper
honeycomb because the leading edges of the cell walls always stayed
somewhat fuzzy and collected dust much more easily.

The solidity of the honeycomb, i.e., the projected area of the
80lid material in percentage of the total area, was not uniformly
distributed over the honeycomb areas This changed the dynamie
pressure distribution which could be expected from a uniform solidity.

Another honeycomb then was built from paper drinking straws
carefully cut into suiteble lengths and glued side by side into a
s50lid blook. Both sides of the honeyocomb were sanded and the leading
and trailing edges were carefully smoothed. The solidity obviously
was much more evenly distributed and when the tunnel and the honeycomdb
were cleaned often, a mearly bowl=-shaped dynemic pressure distribution
resulted (Figure 6h).

The energy ratio in the model tumnel with the nozzle ring and the .
honeycomb was found to be 1.08 to 1.17 for the paper honeycomb and
0.94 to 0.99 for the glass fiber homeycomb. That for the straw
honeycomb could not be compared because in the meantime essential
modifications in the model tunnel were made. The difference in the
energy ratio between the two honeyoombs was caused by the different
solidity. Omly an average value of the solidity ocould be determined,
0.17 for the paper, 0.08 for the glass fiber and 0,17 for the straw

honeycomb.

The values of the energy ratio are not too consistent because
the narrow cells became clogged very easily. At least the necessary
energy ratio will be smaller for & honeycomb of larger cell asize end
the same or even smaller solidity.

This indicates that an arrengement in the full-scale tunnel like
that in the model tunnel would give & reduction in energy ratio to
at least 1,0 if the dynemic pressure distribution should prove satis=
factory with the new honeycomb. Although there are indications that
the new honeycomb will prove satisfectory, there is no definite proof
because the non-uniform solidity distribution of the model honeycombs
does not give the details of the dyneamic pressure distribution accurately
enough. The solidity of the new fullescale honeycomb will be 0.0
and evenly distributed,

The favorable effect of the twelve times higher Reynolds number
in the full-scale tunnel has not yet been teken into sceount. Both
the friction losses st the cell walls due to the higher Reynolds
number and due to the smaller solidity, result in a reduced drag
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" coefficient of the new honeycomb. Therefore, a further reduction in
energy ratio can be expected.

SECTION IV

SUMMARY

The measurements on honeycombs in the full-scals and the Model
Vartical Wind Tunnel show:

1. The present full-scale honeycomb with parallel walls does
not fit into the flow pattern of convergent streamlines. Separation
losses occur, causing an unsatisfactory dynamic pressure distribution
and an energy ratio of about 1.2. A screen which causes a large
drag is necessary to provide the required dynamic pressure distribu-
tion; however, it increases the energy ratio to 1.6,

2. The new contour of the nozzle gives a cylindriczl part of
sufficient length that a honeycomb of conventional type with parallel
cell walls can be installed,

3« The straightening effect of the new honeycomb is improvad

o]

by increasing the length to width ratio of the cells from L:1 to 8:1.
L. In view of the model measurements, a favorabls dynamic

pressure distribution and an energy ratio of about 1.0 can be expected
from the new arrangement in the full-scale tumnel.
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